friendly. He and Watson Smith received much charming hospitality from Miss Gertrude Knecht, a sister of the Professor of Tinctorial Chemistry at the Manchester School of Technology. Miss Knecht made a great impression on the young research student, who was encouraged by her to continue his literary efforts and his study of languages, in which he had special facility. This was a golden age of chemistry at Zurich. For his principal teachers at the University Read had Paul Pfeiffer and Alfred Werner, who lectured to packed audiences of a highly cosmopolitan nature including many medical students from Poland and Russia. At the Polytechnikum there were (amongst many others) Lunge, Treadwell, Willstatter, Bamberger, Schmiedlin and Gnehm. Werner was then forty years old and at the height of his powers, driving himself hard and expecting much of his students. Read's curriculum was a strenuous one with chemistry as Hauptfach and physics, mineralogy and crystallography as Nebenfacher, and stereochemistry (with Werner) as a special subject. After four semesters he presented a thesis entitled 'Untersuchungen in der Gumar-und cumarinsaurereihe' and having satisfied Werner at the oral examination he was awarded the Ph.D. degree in the summer of 1907-his first University degree. In the autumn of the same year he gained the B.Sc. degree of the University of London and with the L.C.C. Senior Scholarship extended to a third year he had to decide between work ing with Hantzsch at Leipzig or with W. J. Pope at the Municipal School of Technology in Manchester. The interest in stereochemistry which had been aroused by Werner at Zurich decided the issue and he joined Pope, thereby becoming engaged in a classical series of stereochemical researches, which incidentally decided the lines of Read's future work. At Manchester he was concerned mainly with the attempted optical resolution of compounds of simple molecular structure, including experiments involving the use of oxymethylene camphor as resolving agent. In the summer of the following year (1908) Pope was appointed to the chair of chemistry at Cambridge and Read was offered the post of Assistant to the Professor. He accepted eagerly and remained at Cambridge with Pope until 1916 when he moved to a chair of chemistry in Australia. This was a period of great activity in the Cambridge laboratories and many research workers came to join in the stereochemical investigations which were then giving a new outlook to organic chemistry. Read in due course became a member of Emmanuel College with the status o f 'Advanced Student', with Gowland Hopkins, F.R.S., as his tutor. Besides his research activities he took part in lecturing and supervision of classes and he had made so marked an impression in Cambridge by 1912 that he was granted the M. A. degree honoris causa. Many years later (1934) he again attended at the Senate House, this time to take the Sc.D. degree, which he was proud to emphasize was in this case not an honorary degree. These were strenuous years for Read. He found little time for social activities and on many days he scarcely set foot outside the laboratory.
One of the oustanding researches of this period was the preparation and resolution of the first optically active compound containing no formally asymmetric atom-methylcyclohexylidene acetic acid-a fact which brought him a congratulatory letter from his old teacher Alfred Werner. Another major achievement was the successful resolution of an asymmetric compound which contained only one carbon atom in the molecule, namely CHCII.SO3H. This work was interrupted when war broke out in 1914 and after Pope's return from Australia the laboratory was busily engaged in special researches for the Ministry of Munitions, including a major investiga tion into the utilization of Borneo petroleum for the manufacture of T.N.T. Work on this project was completed towards the end of 1915, when the chair of organic chemistry at Sydney became vacant on the appointment of Robert Robinson (later Sir Robert Robinson, O.M., F.R.S.) to Liverpool University. Read, who had been runner-up for the Sydney chair in 1913, was urged by Pope to apply and on 8 December 1915 he was informed that he had been successful. In his own words, at the age of thirty-one he had suddenly been promoted from a Cinderella position on the chemistry staff at Cambridge to the only chair of organic chemistry in the southern hemisphere.
The war-time journey to Sydney was hazardous and slow. The ship in which he sailed from Liverpool was involved in a collision and a fresh start had to be made. Eventually, by way of New York, Chicago, San Francisco, and the Pacific Ocean, he reached Sydney more than five weeks after leaving Britain. He was met by the Warden of the University and the Professor of Chemistry (C. E. Fawsitt) who apparently expected him to give his first lecture that very morning. He found in Sydney University high standards and a competent staff. His first task was to build up his own department, which at that time consisted of one lecturer and a laboratory steward. Eventually a second lecturer was appointed in the person of E. E. Turner (later F.R.S. and Professor in the University of London) and he was followed by J. C. Earl from Adelaide, who later succeeded Kenner in the Sydney chair.
At first Read occupied temporarily laboratories in Fawsitt's department pending the completion of a new building for organic chemistry. Classes were large and it was soon necessary to duplicate lectures to first year students--a state of affairs with which Read was to be familiar again after the second world war. Meanwhile a very happy event took place. On 20 November 1916, in St Andrew's Cathedral, Sydney, he was married to Ida Suddards, eldest child of Arthur Suddards and Sarah Bottomley, both of Bradford, Yorkshire, but with connexions also in the county of Lancaster. Both of their children were born in Sydney and in their respective spheres they both achieved distinction, the elder, John Hinton Read (born 1917) in the world of the cinema and theatrical production (he was awarded a Commonwealth Fund Fellowship in 1939 for a study of photography and cinematography), whilst the younger son, Arthur Hinton Read (born 1920) became a mathe matician of note and at the time of his tragic death in a mountaineering accident in December 1961 he was a lecturer in mathematics in the Univer sity of St Andrews.
After the Armistice in 1918, teaching conditions in Sydney became very difficult owing to the great influx of students. After much tribulation Read succeeded in acquiring adequate lecture theatre accommodation for the large classes, but the burden of teaching was heavy in the extreme and the only research helpers available were the demonstrators. At this stage a very large proportion of Read's research work had to be done in the hot and humid long vacations and with his own hands. He was however fortunate in becoming associated with H. G. Smith and R. T. Baker, thereby develop ing a keen interest in the chemistry of the Australian flora. These incursions into the field of natural product chemistry combined well with Read's work in stereochemistry and provided him with a major centre of interest for many years. How these enquiries developed he has described in detail in his Streatfeild Memorial Lecture (1936) . At the same time his department had been organized, adequate facilities for research had been provided, and he felt he was taking root in Australia. His contacts with his colleagues in the other Universities were friendly and he found the general atmosphere highly congenial. In view of all these attractions he found himself faced with making a peculiarly difficult decision when he and his family returned to Britain in December 1922 for a year of sabbatical leave. It was then made known to him that appointment to the Purdie Chair of Chemistry at St Andrews, which had become vacant by the removal of Robert Robinson to Manchester, was a possibility open to him if he wished to return to academic life in this country. It took Read a long and anxious time to reach a decision, but in the end he accepted the offer from St Andrews, thereby succeeding Robinson just as he had followed him in the chair at Sydney.
Read took up duty in St Andrews in 1923 and for nearly forty yearsalmost exactly half of his long life-this ancient city was his home. The University had not long before his arrival celebrated the 400th anniversary of its foundation. In the University, as in the town, he found an atmosphere steeped in the traditions of the past, yet remarkable for a present vitality. Read had described the state of affairs he had met in Zurich as a Golden Age. The same remark could well be made of the University which Readjoined in 1923. Amongst internationally distinguished members of the professoriate on the arts side were John Burnet (Greek), W. M. Lindsay (humanity), A. E. Taylor (moral philosophy) and G. F. Stout (logic and psychology), whilst in science he had as colleagues D'Arcy Thompson, W. C. McIntosh, H. W. Turnbull, H. S. Allen and P. T. Herring. His two immediate predeces sors in the Chair of Chemistry had been Sir James Irvine (then Principal and Vice-Chancellor) and Thomas Purdie. In the sister University College of Dundee the chemistry chair was held by Alexander McKenzie. Such condi tions Read found most congenial and stimulating, according exactly with his own outlook and temperament in their combination of science and humanism --a theme which was to play a large part in Read's thoughts and activities during the next forty years.
One o f his first tasks at St Andrews-as at Sydney-was building an extension to the existing laboratories to accommodate the rapidly increasing number of students, and a much needed additional storey to the teaching laboratory was opened by Sir William Bragg, F.R.S., in December 1925 . By this time the programme of research in stereochemistry and the chemistry of essential oils from Australian plants was well under way and he had begun to add to the collection of important historical works which he had found in the departmental library. This in the course of time became one of the finest collections in the country of manuscripts, books, portraits and engrav ings relating to alchemy and historical chemistry. The history of chemistry had always had a special fascination for Read and articles dealing with this aspect of the science had come from his pen in Sydney. Now, with this very valuable material at his disposal, he was able to publish one of his major works on alchemical thought under the title of Prelude to chemistry (1936) .
Here as in all his writings, his clear, delightful and easy style is revealed. His skill as a teacher and expositor is shown also in his series of textbooks of organic chemistry which have served as an inspiring introduction to the subject to many generations of students. The Text-book of organic chemistry was first published in 1926, passed through many editions and is still in great demand in the latest version (1958) which was prepared in collabora tion with Dr F. D. Gunstone. The less detailed Introduction to organic chemistry (1931 , and later editions) has been equally popular. He excelled in the difficult art of writing for the general reader accounts of scientific subjects which were at the same time authoritative, accurate and readily under standable. Examples of this are to be found in the book on the Chemistry of explosives, published during the war, of which more than 100 000 copies were sold, and the remarkable review of the whole field of organic chemistry which he published in 1948 under the title A direct entry to organic chemistry. This had a phenomenal success both in this country and abroad. Italian and German editions of it were printed and in 1949 Read was awarded the Premio Europeo-Cortina, a prize of one million lire for the best popular work in the field of physical science published in Europe during the preceding five years. During his long period in St Andrews Professor Read played a full part in University activities in addition to his major interests in research and teaching in the Chemistry Department. He was specially interested in student activities and was appointed a Regent in the United College upon the resuscitation of this ancient office when St Salvator's Hall was founded in 1930, and he took a great interest in the development of St Andrews as a residential university which was being fostered by Principal Sir James Irvine. He became a member of the Harkness Board on its foundation and so took part in the developments in St Andrews made possible by the magnificent benefaction of Edward Harkness of New York. The provision of entrance scholarships, halls of residence and other amenities transformed St Andrews during Read's lifetime and changed the University from one drawing its students mainly from the adjacent region of Scotland to one of cosmopolitan character.
The Men Students' Union also owed much to his interest in its activities. He became Chairman of its governing body, holding office for many years and being elected to Honorary Life Membership. He acted as Honorary President of the Mermaid Dramatic Society of the University on several occasions, in this way renewing an interest which he had had previously in Sydney.
Still another example of his devotion to the wider aspects of University life is to be found in his inauguration of student tours. The scheme originated in 1926 when he made contact with Major F. J. Ney, M.C., of Toronto, the founder of the Overseas Education League. Read was greatly interested in students from overseas and arrangements were made for Major Ney to bring groups of Canadian undergraduates to St Andrews in the course of their European travels. From 1927 onwards these groups (varying in numbers from some 20 to 150) made a stay of several days in St Andrews, during which Read was responsible for organizing their visit and arranging excursions in the St Andrews district. Later he travelled with the Canadian groups both in this country and abroad. On occasions he acted as leader, a particularly successful tour taking place in 1936, when Mrs Read and he took a group of two dozen Canadians from St Andrews by way of Edinburgh and the Lake District to his beloved West Country, where a special programme was arranged. In the following year he took charge of a group on a Baltic cruise. The success of these tours prompted him to arrange a return visit of St Andrews students to Canada. This took place in 1931, when he conducted a party of 20 students from all faculties, probably the first official visit by university students from a home university to an overseas Dominion, on a tour of Canadian centres. The visit was a great success and was marked by official receptions and lavish hospitality on the part of universities and cities throughout the tour. As a result of these activities Read was asked on many occasions to conduct parties and groups of visitors round St Andrews and to lecture to them on the topography and history of the city and univer sity. This in turn led to his being asked by the University Court to write a descriptive booklet on the occasion of the During the whole of this period he was in great demand as a lecturer. The Streatfeild Memorial Lecture has already been mentioned. Amongst many other lectures given on special occasions reference may be made to the Bicen tenary Lecture on 'Joseph Black, the teacher and the man' (Glasgow, 1947), the Fourth Pope Memorial Lecture to the Royal Society of Arts, 'Chemistry as an instrument of culture' (1950) ; a series of ten lectures in Italian and three in English during a tour of Italian universities ('La storie della scienza come strumento di cultura' and 'Recherche sulla chimica della flora Australiana' (1950) ; 'Humour and humanism in chemistry' at Trinity College, Dublin, University College, Cork, and University College, Galway (1951) These lecture tours involved much travelling but this he found congenial, both in itself-since his earliest days when he covered long distances by bicycle he had enjoyed travelling-and for the opportunities it gave him to meet colleagues in other countries. In this country also he travelled widely and no opportunity was lost of visiting his old haunts in the West Country. These visits he continued with his accustomed vigour to the end of his life. In 1957, at the age of 73, he lectured at Sherborne and Dorchester and a year later at Exeter. In 1960 he travelled to Basel to take part in the Quin centenary Celebrations of the University, and in the same year he attended in London the Tercentenary Celebrations of the Royal Society as a delegate of the University of St Andrews.
These activities, including other duties such as attending in Rome meet ings of the Anglo-Italian Permanent Mixed Commission, of which he was a member for several years, are, in a sense, highlights of a career devoted for almost forty years to St Andrews and its University. To many generations of the students there and to his many friends and colleagues, a picture of him which will come very readily to mind is of his tall, spare figure cycling from his home in Donaldson Gardens to the Chemical Laboratory. Those who visited St Andrews as External Examiners in Chemistry will recall his insistence on the wearing of the red St Andrews undergraduate gown by all candidates at oral examinations, and, the examinations over, the delightful hospitality dispensed by Professor and Mrs Read. During his last years there were many difficulties to be faced in the running of the Chemistry Depart ment owing to the lack of space for teaching the large number of students and for research. Some additional space for physical chemistry was gained by building on the roof of the Purdie laboratory but the only satisfactory solu tion was an entirely new building. After many delays, planning for this had begun and it was Read's wish to stay on as Professor until the new institute was ready, but this desire was not destined to be fulfilled. On 21 January, 1963, after lecturing as usual, he set out on his bicycle to enjoy the sun shine of a bright, but intensely cold winter's day-the kind of day when St Andrews looks its best-and he collapsed while still away from home. For many years John Read had occupied a unique position in the world of science and letters. His achievements can be summarized by quoting, as a fitting tribute to his life-work, the words applied to him in 1959 when he was awarded-the first British recipient to hold it-the Dexter Award of the American Chemical Society for distinguished contributions to the history of chemistry. The citation aptly sums up much of Read's achievements in that it commemorates 'the meritorious services over a long period of time' of 'one of the most versatile of Scientists as well known for his literary accom plishments as for his researches in organic chemistry'.
Read's published work covers a very wide field and, for the purposes of a brief survey, may be considered as being divided into four categories. In the first place there are the numerous West Country publications and other general articles. Next come the important series of books and articles on alchemy and the history of chemistry. Another group comprises his text books of organic chemistry, and finally there are the numerous original papers and articles in which his contributions to chemical research are described.
From an early age he had developed an intense interest in the topography, folk and speech of Somerset and Dorset, and during his student days and later he contributed many dialect and other West Country items in prose and verse to Sexey'sSchool Magazine, The Somerset Tear Book and other publica tions. In his youth he imbibed William Barnes's Dorset poetry and he followed up Cecil Sharp's work in collecting Somerset folk songs. Thomas Hardy, whom he knew well from about 1912, accepted the dedication of his first dialect book. In order to stimulate the interest of the country people in their ancient speech and traditions he began to write dialect plays dealing with local life, stories and general characteristics of the West Country, and in 1911 he founded 'The Camel Play-Actors'-a pioneer band of rural players drawn from the villages of Queen Camel and West Camel, which continued its activities until the outbreak of war in 1939. As the village drama move ment gathered momentum his plays were staged by many other village companies. So authentic is the language in these plays that scenes from some of them have been recorded for Dialect Surveys. Five of these plays, together with studies in prose and verse, were published in 1914 under the title 'Wold Ways a-Gwain'. Besides the poems and plays, in this book Read embodied a great deal of his collection of material dealing with old times in the West Country in his book Cluster o'Vive published in 1923. In 1949 appeared the charming and altogether delightful book Farmer's joy. It is probably true to say that writing this sympathetic study of a bygone age in Dorset and Somerset must have given him even more enjoyment than he found in the preparation of his historical and scientific contributions.
From his schooldays onwards Read had been interested in historical studies and his first publication in this field resulted from lectures given at Sydney on the history of chemistry. At St Andrews he discovered a small nucleus of historical books and he began to add to these as occasion permitted until he had gathered together one of the finest collections in the country of manuscripts, books, engravings and portraits relating to alchemy and the early history of chemistry. In 1936 he published one of his major con tributions to learning in the form of his Prelude to chemistry-a full-scale account of the history of alchemical thought and its literature, illustrated by a unique series of reproductions of paintings and excerpts from rare books and manuscripts. Its main theme, to which Read returned time after time in his lectures and addresses, is indicated in the introduction where the author says: 'It is sometimes said that an increasing tendency of modern science to exalt the importance of "learning more and more about less and less" is likely to produce a condition of intellectual myopia in the scientific specialist. If this be so, it is difficult to imagine a more stimulating and picturesque corrective than the development of an interest in historical science. . . . The amazing width of horizon which studies of this kind can disclose is apparent from the chapters which follow. Here, chemistry is seen to possess numerous links of absorbing interest with history, literature, mythology, astrology, folk-lore, mysticism, philosophy, religion, pictorial art and even music.' His considered opinion of alchemy itself may be summarized in his own words, taken this time from the address given on the occasion of the Dexter Award made to him in 1959. Referring to the fifteenth-century English manuscript version of the Semita Recta he says:
'This manuscript offers an indication of the dominating position of alchemy in the literature of early science. Enduring for more than a thousand years, from the early Christian era until late in the seventeenth century, alchemy was not merely the forerunner of chemistry, animated by visions of the Philosopher's Stone and the Elixir Vitae, with their concomitants of wealth and long life. This exoteric alchemy, indeed, was no more than the material istic phase of a great philosophical system, based upon an esoteric, or spiritual, alchemy. As an integral part of this large system, exoteric or practical alchemy took its place beside philosophy, religion, mysticism, astrology, theosophy and many other elements. In the Middle Ages and later, the conceptions and imagery of this larger alchemy found in contemporary literature and art a wide expression of which there is little realization at present. Moreover, the great ocean of alchemical literature, written and printed in many languages, remains a closed book, a book both closed and hermetically sealed to the literary specialists of our own day. ' In John Read's view science was in no way separated from the general stream of culture and he returned to the theme in another of his major contributions-the delightful Humour and humanism in chemistry published in 1947, in The Alchemist in life, literature and art (also in 194 Through alchemy to chemistry (1957, with a French edition two years later and Spanish and Italian editions in 1960). In these authoritative and learned works he has surveyed for his readers an astonishingly large field and has shown how great were the contributions of the alchemists. Nevertheless alchemy in its later period failed to lead on to scientific chemistry, being marked by many extravagances, amongst them the curious conception that the whole body of classical mythology had been designed expressly to record in concealed and allegorical forms the secret doctrines of the alchemical adepts, the so-called 'Sons of Hermes'. Indeed, as Read pointed out, with application to tendencies of the present age, they had developed an 'abstract making' mentality which attached more importance to the curve than to the body from which it was taken and attempted to separate the properties of matter from matter itself.
In addition to these large works Read made many other contributions to the history of chemistry, one typical example of which may be mentioned, namely his account of the life and work of 'William Davidson of Aberdeen, the First Scots Professor of Chemistry'. And before we leave this aspect of Read's activities reference must be made to his 'Musical Alchemist'. In the course of his work on alchemical manuscripts he discovered a set of epigrams written in Latin elegiac couplets embodying alchemical doctrines and set to music by Count Michael Maier, Alchemist to Rudolph II (1618). These, set in modern musical notation by F. W. Sawyer, were sung by a choir from St Andrews University at the Royal Institution in London by invitation of Sir William Bragg. Many readers of this memoir will recall hearing recorded versions of the music.
Read's skill as teacher and expositor was evident also in his text-books of organic chemistry to which a brief reference has already been made. Not many text-books can approach the record of his Text-book of organic historical, structural and economic, first published as long ago as 1926, in retaining its freshness and vitality through two further editions to its most modern form (1958) , the fourth edition revised in collaboration with F. D. Gunstone. Here, as in the Introduction to organic chemistry, now in its sixteenth edition, much of the secret lies in the insistence on fundamental principles, stated simply without undue detail and with a width of view and clarity of style which arrest the interest of the student and inspire him to further study.
Somehow or other Read managed to find time for many other literary activities. He acted as co-editor with Professor James Kendall, F.R.S., of Bell's Monographs on modern chemistry, and was annual studies on the history of chemistry and contributed many articles and reviews to Nature, Scientia, Chemical Reviews, Ambix, Endeavour and other scientific journals. Nevertheless he continued to publish papers and articles embodying the results of his research work throughout a period of 47 years. These represent major contributions to the development of stereochemistry and to the structural chemistry of the terpenes-substances to which he had been introduced during his stay in Sydney through association with R. T. Baker and with H. G. Smith, the discoverer of the substance piperitone which later played a central part in Read's research programmes. Read's work on the chemistry of the eucalyptus oils was of special importance in view of the trend of Baker and Smith's discoveries which led these workers to advance an evolutionary theory dealing with the chronological sequence of the genus Eucalyptus and the older and related genus Angophora. This involved the use of chemical and botanical correlations as an aid to botanical classification, with results of economic as well as of scientific importance. In addition the investigations resulted in the isolation of a large number of new substances, including gmelinol, endesmin and endesmol, many of which revealed points of special scientific interest.
H. G. Smith had made a beginning with the structural chemical work which was continued by Read and his collaborators, first of all at Sydney and thereafter for many years at St Andrews. The substances concerned were optically active and liable to inversion and racemization when undergoing chemical reaction. Stereochemical problems were therefore of great impor tance and in this respect Read's earlier interests led him readily into the new field. At the beginning of his research career he has been concerned with the preparation and optical resolution of the simplest optically active sub stances such as chloroiodomethane sulphonic acid (CHC1I.S03H). These in vestigations were continued at St Andrews when several compounds of this type were resolved. Many difficulties had to be overcome and frequently success depended upon the use of novel reagents. Amongst these were the active forms of hydroxyhydrindamine, which itself could be resolved by successive 248 Biographical Memoirs
hydroxhydrinchloroiodochlorosulphochlorobromodamine acetic acid acetic acid methane sulphonic acid treatments with d-and /-a-bromocamphor-7r-sulphonic acid, and methylenecamphor. Much ingenuity had to be exercised in the use of these and similar materials, particularly when the diastereoisomerides existed in dynamic equilibrium in solution. It was found that some of these simple substances, including chloroiodoacetic acid and chlorosulphoacetic acid underwent normal resolution with bromine or hydroxyhydrindamine, but racemized readily in the presence of alkali. In the case of chlorobromomethane sulphonic acid the configurational instability was so marked that the optical activity of the anion could be demonstrated only in the presence of a suitable optically active base. The state of affairs here-essentially a striking example of 'asymmetric induction'-is represented by the scheme:
The diastereoisomeric salts exist in acetone solution in dynamic equilibrium and by careful crystallization the whole of the original acid may be obtained in the form IBIA. But when the optically active base is removed from the salt the acid at once racemizes.
Problems involving resolution occurred frequently during the investiga tions of the terpenes and it became essential to devise effective methods for the resolution of terpenic alcohols, particularly in the menthol series where the ordinary methods failed. As an example of the procedures devised to meet these difficulties the preparation of a pure specimen of ^/-menthol may be cited. Resolution of racemic Z)Z,-menthol by use of /-camphor-10-sulphonyl chloride proceeded normally to the stage of the separation by fractional crystallization of equimolecular amounts of the l-D and esters. On hydrolysis the yield of Z)-menthol was however extremely poor owing to the production of menthene. The problem was solved by the extremely ingenious procedure of using /-menthol as the agent for obtaining ^/-menthol. From /-menthol, C10H 19OH, it is easy to prepare by standard methods /-menthoxyacetyl chloride, C10H 19O CH 2.COC1, which may be written as (-)i?OCH2COCl. This reagent gives with ^//-menthol the two diastereoisomers (-)i? .O C H 2C O O tf(+) and (-)i? .O C H 2C O O R (-), of which the former is less soluble and is readily separable. From this pure ^/-menthol ((+ )R O H ) is easily obtained and the /-menthoxyacetic acid can be used again. By an extension of this method, which is capable of wide application, a species of autocatalytic process was devised by which a small quantity of /-menthol could be used as the sole optically active material required for the separation of indefinitely large amounts of ^//-menthol into the pure d-and /-enantiomorphs. This method was used successfully also in the resolution of dl-neo-me,nxho\ and dl-trans-\: 2-cyclohexane diol, whilst an analogou cedure served to resolve <//-borneol. Variations on the theme were Yet another method pressed into service made use of the different reactionvelocities encountered when stereoisomers react with a common reagent. The very successful preparation of pure {/-neo-menthol is a striking example of this. /-Menthol gives /-menthone quantitatively on oxidation and when this ketone is reduced with ffo-propanol and aluminium ffo-propoxide it gives 70 per cent of d-neo-menthol and 30 per cent /-menthol. Competitive reaction with about half the calculated amount of jfr-nitrobenzoylchloride in dry pyridine leads rapidly to the preparation of pure af-wo-menthol. In this case the pro tective action of the uo-propyl group on the adjacent hydroxyl group results in a much slower reaction with d-neo-menthol than wi method is of wide general application.
Me --H
Me H Me
/-menthone * Recovered as acid, converted to chloride and used again.
It will be evident from the examples given that stereochemical considera tions played a prominent part in Read's work in the terpene series, which involved a systematic survey of the menthols, menthones, piperitones, phellandrenes, carvone and related materials derived directly or indirectly from the essential oils. Invariably as the background to all this work was the belief that by these investigations insight might be gained into the bio chemical origin of the substances. Some of the highlights of these researches included the isolation and characterization of pure ^/-menthol and d-neom enthol; the complete elucidation of the stereochemical relationships of the menthones, the menthols and the menthylamines; similar investigations with piperitone, the piperitols, the piperylamines, the phellandrenes and other related substances, including the carvone and the thujone groups. Any detailed account of work covering such a wide field would clearly be impos sible in a brief review and it must suffice to illustrate the methods used, the difficulties encountered and come to the results achieved by reference to one or two aspects only. For much of the work, including also hints of biogenetic relationships, piperitone was a key substance, which, as shown in the annexed scheme, can be reduced to menthone and so to menthol. The careful hydrogenation of optically active piperitone leads to mixtures of optically active menthones and menthols, but piperitone itself is liable to racemize and menthone may undergo inversion (owing to the possibility of enolization) and as indicated in the diagram no less than four families of menthols exist, each comprising a d-, an l-and a racemic form. It follows that /-piperitone can be converted into any one of the eight possible optically active menthols. One of the fundamental aims of this long series of researches was achieved with the isolation and characterization of the complete series of stereoisomeric menthols and menthylamines, the specific rotations of which are tabulated below.
[a]D for menthols and menthylamines / d-iso d-neo-iso menthols (in alcohol) -49*6 +20-7 +25-9 +2*2 menthylamines (homogeneous) -44'5 +15-1 +29-0 +2*3
The physical and chemical properties of these provided convincing evidence that the nomenclature adopted corresponded in fact to configurational analogies and the relationships arrived at by application of the AnwersSkita rule and by comparison of rates of reaction are shown in the accompanying diagram. 
/-menthol d-isod-neo-iso d-neo
the numbers are the same as those designated in the formulae shown above)
The determination of relationships of this kind has an importance in the elucidation of biogenetic relationships and as a final example of Read's work references may be made to the natural associations of piperitone, the piperitols, a-phellandrene and geraniol. Here again possibilities of isomerism are present (e.g. /-piperitol and /-mw-piperitol) and these were duly investi gated. It seemed to Read that a clue to biogenetic relationships was to /-neo-piperitol be found in the circumstance that piperitone is invariably associated in Eucalyptus oils with a small proportion of geranyl acetate. According to the views of Baker and Smith this latter substance 'passed into Eucalyptus through Angophora, and as it occurs also in the oils of many of the "peppermints" it probably runs through the whole genus '. Sometimes, as in Eucalyptus macarthuri, the chain of synthetic processes is arrested at the formation of geraniol and the oil from the species contains some 77 per cent of geranvl acetate. In other species, however, this may be presumed to undergo further transformations, yielding n^o-piperitol, piperitone, a-phellandrene and other substances, the occurrence of piperitol in Eucalyptus oils being capricious and dependent upon the formation of the stable variety of piperitol along with the unstable wo-piperitol. In his Streatfeild Memorial Lecture, in which he reviews the progress made in this field up to 1936, Read concludes an account of biogenetic relationships with the statement 'The excessively delicate control of the molecular mechanism which is here implied appears to be a prerogative of the living organism. The organic chemist is powerless to effect such subtle differentiations by the artificial methods of the labora tory. At the present stage of our knowledge the finer manifestations of organic synthesis appear to be inseparably bound up with the vital process.' Since that time new methods have been developed which are enabling chemists and biologists to probe more deeply, although still slowly, into the synthetic mechanisms used by living organisms. To problems of this kind in the terpene field Read's work was the necessary prelude and we owe much to him for the wisdom, insight and breadth of view he showed in his exploration of this difficult territory. By his death the world has lost someone who for many years had held a place unique in the realms of science and letters.
I wish to record my thanks to Mrs D. Bartle for preparing the list of publications which accompanies this memoir.
E. L. Hirst
